A spontaneous morphological mutation characterized by a short and kinky tail (Tail-short Shionogi: Tss) was observed in a BALB/cMs mouse breeding colony. The inheritance mode of the Tss mutation is semi-dominant, and homozygotes (Tss/Tss) are probably embryonic lethal. The viability of the Tss/+ heterozygotes appear to be influenced by the mating partner: 47.1% of the (BALB/cMs-Tss/+ × C57BL/6J)F1 embryos were the mutant phenotype, whereas there were no (BALB/cMs-Tss/+ × A/J)F1 embryos with the mutant phenotype. The Tss locus was mapped by linkage analysis between microsatellite markers D11Mit128 and D11Mit256 on mouse Chromosome 11. These results suggest that the Tss mutation is a new allele on the Tail-short (Ts) locus.
In 1982, we found offspring with an abnormally short tail in our BALB/cMs mouse breeding colony. The short tailed offspring were observed in the second and third birth of a single pair. The BALB/cMs strain was introduced from the National Institute of Genetics (NIG; Mishima, Japan) in 1974, and has been maintained in our institute under specific pathogen-free conditions as described elsewhere [10] . Since both the male and female offspring with a short tail were fertile, brother-sister mating was started to maintain the phenotype. Progeny test including the littermates of the original pair, as well as the breeding record of the colony, suggested that a mutation arose in the male mouse of the original pair.
The mutant mice were small at birth, and their mean body weight was about 30% less than that of their nor-mal littermates. The tails of mutant mice were usually kinky and rarely curled. The length varied, ranging from one-third to two-thirds of the normal length in most individuals. Other morphological abnormalities involved in this mutation are described later.
Through the brother-sister mating of short tailed mice, normal progeny were observed at each generation, and even at the 19th generation reciprocal matings of short tail mice with normal or short tail littermates always yielded both normal and short tailed progeny. These observations indicate that the mutation was maintained in a heterozygous condition, and also suggest that its inheritance mode is dominant. The mutation was tentatively termed Tail-short Shionogi (Tss) (unpublished data in [7] ). We started genetic studies of the Tss mutation at this stage.
In this report we describe the inheritance mode of the Tss mutation, genetic mapping of the Tss locus, and discuss the close similarities between Tss and Tail-short (Ts), another spontaneous short tailed mutation [8] .
In a preliminary breeding study each phenotype of the mutant mouse stock was mated, and the segregation rate of progeny was calculated. The results are shown in Table 1 : 0% of the progeny in the cross of BALB/ cMs-+/+ × BALB/cMs-+/+, 41.3% of the progeny in the cross of BALB/cMs-Tss/+ × BALB/cMs-+/+, and 60.0% of the progeny in the cross of BALB/cMs-Tss/+ × BALB/cMs-Tss/+, were each short tailed. Mean litter size in the cross of BALB/cMs-Tss/+ × BALB/ cMs-Tss/+ was smaller than that in other two crosses. These results suggest that the Tss phenotype is regulated by one dominant gene, and that Tss/Tss embryos are lethal. Expected segregation ratios of the short tailed progeny on these assumptions are 50% in the cross of Tss/+ × +/+ and 66.6% in the cross of Tss/+ × Tss/+, but these ratios are not in accordance with the above results (χ 2 test, P<0.05). One possible reason for this discrepancy is that some of the Tss/+ heterozygotes die during their embryonic stage. The mutant mice were then mated with C57BL/6J mice ( Table 2) . Segregation rates of the short tailed mouse were 35.8%-43.3%, which were not significantly different from each other (χ 2 test, P>0.3), except in the cross of (BALB/ cMs-Tss/+ × C57BL/6J)F1-Tss/+ × C57BL/6J (abbreviation: F1-Tss/+ × C57BL/6J). The low rate (9.9%) of the mutant phenotype in the progeny of F1-Tss/+ × C57BL/6J was an unexpected result. Since the genetic background of F1-Tss/+ × C57BL/6J was most shifted to the C57BL/6J type, and the mean litter size in the cross of F1-Tss/+ × C57BL/6J was the smallest in this breeding study (Table 2) , the viability of Tss/+ embryos appear to depend on their genetic background.
To investigate this possibility, phenotypes of the embryo were examined in the following breeding studies. BALB/cMs-Tss/+ mice were mated with C57BL/6J or A/J mice. The Tss phenotype, as well as other morphological abnormalities, of the embryo were recorded at 18 days post coitum (dpc). The results are shown in Tables 3 and 4 . In the mating with C57BL/6J mice, F1-Tss/+ × C57BL/6J yielded 34.5% of short tailed embryo. Many of the Tss/+ heterozygotes therefore seem to die during the neonatal stage in this cross. Other morphological abnormalities were also observed in all crosses, but in the short tailed embryos only. The incidence of abnormalities was lowest in the mouse of BALB/cMs type (BALB/cMs-Tss/+ × BALB/cMs-+/+) genetic background, and highest in that of the C57BL/ 6J type (F1-Tss/+ × C57BL/6J) background (Table 3) .
In contrast to mating with C57BL/6J mice, all F1 embryos at 18 dpc, as well as F1 progeny, were apparently normal in the mating with A/J mice. In the backcross of (BALB/cMs-Tss/+ × A/J)F1 × BALB/cMsTss/+, 29.2% of embryos at 18 dpc were short tailed, and a few of them had other morphological abnormalities (mainly polydactyly; Table 4 ). There were no progeny in (BALB/cMs-Tss/+ × A/J) F1 × BALB/cMs-+/+ backcross that were short tailed (data not shown).
Genetic mapping of the Tss locus was performed by simple sequence length polymorphism (SSLP) assay with microsatellite markers [1] . Oligonucleotide primers for polymerase chain reaction (PCR) were purchased from Research Genetics Inc. (Huntsville, AL, U.S.A.). A total of 319 (BALB/cMs-Tss/+ × C57BL/6J)F1-Tss/ + × BALB/cMs-+/+ backcross embryos were used for the linkage analysis. After recording their phenotypes at 18 dpc, a DNA template for PCR was prepared from the liver. Details of the sample preparation, PCR conditions and SSLP detection are described elsewhere [4, 5] . At first 2-4 microsatellite markers each, which are polymorphic between the BALB/cMs-Tss/+ strain and the C57BL/6J strain, were selected from mouse Chromosomes 1-19 and X. Randomly selected progeny (n=40) were typed by means of these markers. Signifi- Fig. 1A . The Tss locus was mapped in a 1.5 cM interval flanked by markers D11Mit128 and D11Mit256 on Chromosome 11 (Fig. 1B) , in almost the same region as Hustert et al. reported for the Ts locus [6] .
Through the genetic analysis, it was revealed that the Tss phenotype is controlled by a single locus on Chromosome 11, and that its inheritance mode is semi-dominant. The results of this study are very similar to those reported for the Ts mutation [2, 7-9, 11]: 1) Tss is a spontaneous mutation in BALB/cMs mice, and the Ts mutation also arose spontaneously in strain C, the progenitor strain of BALB/c [8] . 2) Their mutant phenotypes of small body size, short and kinky tail, and various skeletal abnormalities are very similar. 3) In both mutations, the inheritance mode is semi-dominant, and male and female heterozygotes are fertile. Homozygous embryos are lethal in Ts [9] , and this is probably the same for Tss. 4) The viability, as well as the variability of the phenotype, in heterozygotes depend on their genetic background. In a cross with C57BL/6J mice, both Ts [7] and Tss heterozygotes were viable. On the other hand, Ts heterozygotes were completely lethal in a cross with A/J mice [7] . This is possible for Tss, because all the (BALB/cMs-Tss/+ × A/J) F1 progeny were apparently normal (Table 4 ). 5) Both the Ts locus [6, 11] and the Tss locus were genetically mapped to distal Chromosome 11. Their map positions are very close to each other.
The Ts mutation was discovered in 1946 [8] . Although about 160 of the skeletal and/or tail mutations have been reported so far, the Ts locus officially has no allele [3] . One possible allele is Rabo torcido (Rbt), which was recently reported by Hustert et al. [6] . In our study, close similarities between Ts and Tss were revealed as mentioned above. It is therefore very probable that Tss is the third allele of Ts. Although the mutant phenotype and the chromosomal position of the responsible gene are very similar in Ts, Tss and Rbt, the origins of the former two and Rbt are quite different. The origins of Ts and Tss are quite similar to each other. On the other hand, Rbt is an ENU-induced mutation that arose in a mouse of mixed genetic background [6] . If Ts and Tss are alleles, it is worthy of note that the two mutations arose spontaneously in a mouse of almost the same genetic background. One possible explanation for this phenomenon is that, as Ishijima et al. have mentioned [7] , different inbred mouse strains appear to have different alleles at the Ts locus, and different interactions between these alleles and the mutant allele give rise to the various manifestations of the mutant phenotype. Their genetic analysis indicated that the viability of the Ts heterozygotes might depend on the allelic form at the Ts locus of mating partners. In other words, interactions between the mutant allele and the wild allele of the BALB/c mouse appear to create favorable conditions for maintaining the mutant allele as a heterozygote. Molecular cloning of the responsible gene is now underway in the Ts mutation [7] . The cloning is also being undertaken in the Tss mutation (Dr. T. Shiroishi, NIG; personal communication). Through gene cloning and subsequent analysis of the gene product, the exact relationship between Ts and Tss, the role of the gene product in mouse development, and the mechanism of phenotypic variation among heterozygotes with different genetic backgrounds will be clarified.
